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inactivationSummary Primary multiple pleomorphic adenomas in a unilateral parotid gland in previously untreated
patients is a rare finding, and little is known about the etiology and pathogenesis. Here, a highly
unusual case of a primary multifocal pleomorphic adenoma consisting of 15 individual nodules is
presented. It is shown that all nodes are clonally related and thus share a common cell of origin
excluding an independent multifocal pathogenesis. Most likely, multifocal pleomorphic adenoma
represents parasitic nodules that have been detached from a main nodule, which may have been the
result of undisclosed trauma.
© 2013 Elsevier Inc. Open access under the Elsevier OA license.1. Introduction pleomorphic adenoma nodules in one gland although onePleomorphic adenoma is the most common benign
salivary gland tumor and is most frequently found in the
parotid gland although it can also arise in other salivary
glands. Histologically, pleomorphic adenoma is character-
ized by typical myxoid to chondroid stroma with a variable
admixture of epithelial elements forming tubular or solid
structures and stromal areas containing myoepithelial cells
[1]. It has previously been shown that the epithelial and
stromal elements are monoclonal and are therefore derived
from the same precursor cell [2,3].
Multiple tumors arising in one salivary gland is rare in
previously untreated patients. In particular, primary unilat-
eral multifocal pleomorphic adenomas in a parotid gland is
very rare. Most cases reported in literature describe 2☆ Conflicts of interest: none.
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Open access under the Elsevier OA license.patient with 4 separate nodules has been described [4]. Little
is known about the etiology and pathogenesis of multifocal
pleomorphic adenoma, and clonal relationship has only been
studied in one patient presenting with 2 unilateral pleomor-
phic adenomas [4].
We present a patient with primary unilateral multifocal
pleomorphic adenoma consisting of 15 separate nodules
ranging from 0.1 to 1.6 cm. In addition, it is shown that these
separated tumors are clonally related supporting a common
origin of these lesions.2. Case report
2.1. Clinical history
A 55-year-old woman presented with multiple painless
masses in the parotid region on the right side. On further
inquiry one swelling was already present for 20 years.
Subsequently, multiple swellings arose in the same region
924 S. L. van Egmond et al.over the last few years. There was no pain, discomfort,
malaise, facial nerve weakness, night sweats or unintentional
weight loss. Importantly, there was no history of trauma,
fine needle aspiration, parotid surgery or radiation to the
head and neck.
Past medical history revealed right sided endoscopic sinus
surgery for sinusitis with dental origin and a cerebellar
disorder due to intermittent alcohol abuse for 20 years.
Physical examination revealed four separate firm, mobile
and non-tender masses in the parotid region. The largest
lesion was located preauricular and measured approximately
1.5 cm. The other palpable masses were located in the
inferior portion of the parotid gland. Facial nerve function
was intact and no weakness was noted. Further physical
examination was unremarkable.
Magnetic resonance imaging confirmed the presence of
multiple nodules in the right parotid gland, including one larger
mass (1.6 cm) and at least 5 smaller separate masses (Fig. 1).
Fine needle aspiration of the largest lesion showed
myoepithelial cells intermingled with stroma and extracel-
lular matrix, compatible with pleomorphic adenoma. A
superficial parotidectomy with facial nerve dissection and
preservation was performed. A temporary partial facial nerve
paresis due to postoperative swelling recovered completely.Fig. 1 MRI; T2 Lateral view with reference image showing
multiple masses in the right parotid gland.2.2. Pathological findings
Gross histopathological examination revealed nine sepa-
rate nodules in the parotid gland ranging in diameter from 0.4
to 1.6 cm. Microscopic examination revealed a total of 15
separate pleomorphic adenoma nodules ranging in diameter
from 0.1 to 1.6 cm. In addition, one small Warthin tumor was
noted (diameter 0.1 cm). The resection margins were free and
there were no signs of malignancy (Fig. 2).3. Materials and methods
Formalin-fixed paraffin-embedded tissue from nine of the
15 pleomorphic adenoma nodules in the resection specimen
was obtained by microdissection (Fig. 2). Genomic DNA
was isolated by standard methods. Because the stromal and
epithelial cells in a pleomorphic adenoma are clonally
related, total DNA of the individual nine nodules was
isolated, instead of separate microdissection of the stromal
and epithelial cells [2,3,5].
Clonal relation between these nine nodules was assessed
by a clonality assay based on random X-chromosome
inactivation in females and amplification of the human
androgen receptor (HUMARA) gene on the X-chromosome
as described previously [2,3,6].
Briefly, polymerase chain reaction (PCR) amplification
of the HUMARA gene was performed on tumor DNA before
and after incubation with the methylation sensitive restric-
tion enzyme HpaII (New England Biolabs, Ipswich, MA).
Enzymatic digestion with HpaII followed by this PCR willFig. 2 Histological section showing multiple nodules of
pleomorphic adenoma surrounded by normal parotid gland tissue
(Hematoxylin and eosin staining).
Table Results of the X-chromosome clonality assay
Samples Allele Ratio a
228 233
Tumor 1 + HpaII digestion 1087 3359 0.25
Tumor 1 without digestion 2480 1917
Tumor 2 + HpaII digestion 6607 13138 0.44
Tumor 2 without digestion 100914 88975
Tumor 3 + HpaII digestion 36282 111901 0.23
Tumor 3 without digestion 24468 17065
Tumor 4 + HpaII digestion 1826 3122 0.55
Tumor 4 without digestion 12615 11829
Tumor 5 + HpaII digestion 11087 18253 0.49
Tumor 5 without digestion 42716 34441
Tumor 6 + HpaII digestion 1036 4767 0.11
Tumor 6 without digestion 6007 2918
Tumor 7 + HpaII digestion 11983 26431 0.19
Tumor 7 without digestion 5893 2502
Tumor 8 + HpaII digestion 29036 61401 0.22
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whereas the unmethylated allele is digested and therefore
not amplified. The PCR products were analyzed by an
automatic ABI 3730 genetic analyzer (Applied Biosystems),
and ratio between the area under the peaks of the two alleles
was calculated as follows: (Allele 1 Tumor + HpaII
digestion/Allele 2 Tumor + HpaII digestion)/(Allele 1
Tumor without digestion/Allele 2 Tumor without digestion).
A ratio b0.70 or N1.70 was considered indicative of loss of
one allele.
As a control for the digestion, DNA was also incubated
with the restriction enzyme MspI (New England Biolabs),
which digests both methylated and unmethylated DNA.
DNA isolated from adjacent normal salivary gland tissue and
from a male patient were used as internal controls (data not
shown). Detailed description of the enzymatic digestion,
PCR amplification, primer sequences and analysis of PCR
products has been described previously [6].Tumor 8 without digestion 121448 55648
Tumor 9 + HpaII digestion 4048 7561 0.32
Tumor 9 without digestion 23085 13651
a (Allele 1 Tumor + HpaII/Allele 2 Tumor + HpaII) / (Allele 1
Tumor without digestion/Allele 2 Tumor without digestion).4. Results
All 9 investigated nodules showed inactivation of the
same X-chromosome. Results of two representative tumors
are shown in Fig. 3. Before digestion with the methylation-
sensitive HpaII enzyme, 2 different alleles (228 and 233 base
pairs) of the HUMARA gene are present. After digestion with
HpaII, the 2 peaks remained but a significant shift in the ratio
between the 2 alleles was observed. This was observed in allFig. 3 Results of X-chromosome inactivation clonality assay of
two of the nine tumors (T1 and T2). Two differently sized alleles
(228 and 233 base pairs) of the HUMARA gene are present before
digestion with the methylation-sensitive HpaII enzyme. After
digestion, the two peaks remain but there is a significant shift in
the ratio between the two alleles indicating that the 228 bp allele is
digested (unmethylated) in both tumors. All nine tested lesions
showed the same result, ie, digestion of the 228 bp allele, which
indicates that these tumors are clonally related (Table).9 investigated tumors (Table). Importantly, all tumors
showed digestion of the same 228 bp allele (unmethylated),
whereas the 233 bp remained undigested (methylated),
which proves that these tumors are clonally related since
otherwise a random inactivation of the X-chromosome
would be expected.5. Discussion
Eighty percent of all salivary gland tumors occur in the
parotid gland. Approximately 75% of these tumors are
pleomorphic adenomas or “mixed tumors” [7,8]. Although
pleomorphic adenomas are usually described as a single
unilateral mass in the parotid gland, bilateral involvement
has been described in about 35 cases [9,10]. Multiple foci of
pleomorphic adenomas occurring in a unilateral gland are a
well known complication after previous surgery and can be
seen in if the lesion is enucleated without a sufficient
resection margin.
Primary multifocal pleomorphic adenoma in a unilateral
parotid gland is very rare. Incidence has been estimated at
0.14% to 0.6% [4]. Miliauskas et al reported 2 patients
with primary unilateral multicentric pleomorphic adenomas
with 2 and 4 separate nodules, respectively. At least 17
patients with primary unilateral multifocal pleomorphic
adenoma have been described in the literature, but most of
these are only briefly mentioned. Moreover, most cases
concern multifocal pleomorphic adenoma with 2 dominant
nodules [4].
926 S. L. van Egmond et al.We report a patient with primary unilateral multifocal
pleomorphic adenoma consisting of 15 separate nodules
ranging from 0.1 to 1.6 cm. In addition, a microscopic
Warthin tumor of 0.1 cm was noted in the same parotid
gland. The combination of a pleomorphic adenoma and a
Warthin tumor has previously been described in about 30
patients and is the most frequently reported combination of 2
different tumors in one salivary gland [9,10].
The pathogenesis of primary unilateral multifocal pleo-
morphic adenoma is unclear and barely studied. Theoreti-
cally, multiple nodules may arise independently in one
gland, in which case the tumors would show a heterogeneous
clonal origin. Alternatively, multiple parasitic nodules may
arise by becoming detached from a single tumor, for example
after undisclosed trauma. In this scenario, the tumors are
clonally related [4].
Only one study previously investigated clonal relation-
ship between two primary unilateral pleomorphic adenomas
using loss of heterozygosity and demonstrated that these
nodules were clonally related [4]. We investigated clonal
relationship between nine primary unilateral nodules by an
X-chromosome inactivation assay using the HUMARA gene
located on the X-chromosome. The same HUMARA allele
was methylated in all nine tumors, indicating that these
tumors are clonally related and share a common cell of
origin. An independent multifocal pathogenesis is thereby
excluded. Most likely the multifocal pleomorphic adenoma
presented here represents parasitic nodules that have been
detached from a main nodule, which may have been the
result of undisclosed trauma.
In summary, a highly unusual case of a primary
multifocal pleomorphic adenoma consisting of 15 individ-
ual nodules is presented, and it is shown that all nodulesare clonally related. This study provides therefore compel-
ling evidence for a single origin of primary multifocal
pleomorphic adenoma.References
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